INTRODUCTION
The solution of the fundamental equation of quantum mechanics, namely the Schrödinger equation has continued to attract interest of physicists and mathematicians. Since solving this equation is always a complicated problem, different methods have been developed to solve this famous equation (Egrifes et al., 1999; Chao and Lin, 1999; Harun et al., 1999; Shi-Hai et al., 1999; Korsch et al., 1982; Rieth et al., 2002; He, 1999) . Recently, a new method called "asymptotic iteration method" (AIM) has been developed by Ciftci et al. (2003) which found wide applications in physics, particularly in exploring and understanding some aspects of molecular physics and quantum chemistry (Chabab and Oulne, 2010; Al-Dossary, 2007; Bayrak et al., 2007; Ateser et al., 2007; Durmus and Yasuk, 2007) . Its successes in deriving bound states of some diatomic molecules have led to wide acceptance of the AIM as an accurate and easy handling method as compared to the other techniques on the shelf, such as the variational techniques (Utreras-Díaza et al., 1995; Mazziotti, 2002; Kumar, 2009; Mohyud-Din et al., 2010) , perturbation *Corresponding author. E-mail: mchabab@ucam.ac.ma. method (Ledoux et al., 2006; Mahasneh and Al-Qararah, 2010; Xue-Ping et al., 2008) , Nikiforov-Uvanov method (Cüneyt and Han, 2005; Metin, 2007; Antia et al., 2010) , 1/N shifted expansion method (Tang and Chan, 1987; Sinha et al., 2000) and super-symmetry (Cooper et al., 1995; Morales, 2004) .
Also, the relevance of several potentials to describe the physics of atoms and molecules and interactions of nuclei has been investigated. Several works have shown that Morse potential proposed in Morse (1929) offers an appropriate model to study bound states of diatomic and even polyatomic molecules. More recently, the vibrational energy levels for the nuclear motion of several diatomic molecules have been examined both analytically and numerically with Morse potential. However, the accuracy of the obtained results seems model or algorithm dependent: it is correlated either to the approximation method used to solve the Schrödinger equation or to the algorithm developed to determine numerical eigenenergies. As an illustration, the vibrational spectrum of 7 Li 2 molecule has been computed within distinct methods:
analytically and numerically the eigenenergies. The results of Ley-Koo et al. (1995) were inaccurate because they used too large spherical box, as explained in detail in Taseli (1998) where Taseli presented impressive results which are accurate up to 28 digits. 2. More recently, Barakat et al. (2006) , in a comparative study used the AIM method to report the energy levels with accuracy only to about to 14 decimals. 3. Nikiforov-Uvanov method has also been applied to the q-deformed Morse eigenvalue problem in Ikhdair (2009) , where an exact solution comes out naturally.
This discrepancy in the accuracy motivates us to revisit this eigenvalue problem for a generalized q-deformed Morse potential. We investigate the bound state energy eigenvalues and the corresponding wave-functions in the framework of the asymptotic iteration method where we derive a q-dependent eigenenergies formula. We also show that, in the case of simple Morse potential where the deformation parameter q is set to 1, our results are recorded to 28 significant figures, as in Taseli (1998), showing that the AIM approach can be equally accurate as the approach used by Taseli, and furthermore, that the limited accuracy in Barakat et al. (2006) is mainly due to the used numerical algorithm in their calculations.
The paper is organized as follows: AIM was applied to the q-deformed Morse potential and the generalized exact solutions of the Schrödinger equation were presented. Finally, the obtained results were discussed and concluded.
ASYMPTOTIC ITERATION METHOD
The radial Schrödinger equation for the central field motion of a diatomic molecule (in a spherical potential is given by:
( 1) where m is the reduced mass of the diatomic molecule, the reduced Planck's constant and the angular momentum quantum number with To study the purely vibrational states of diatomic molecules, one has to solve Equation 1 where using a model potential like generalized Morse one:
where the parameter is the energy dissociation parameter 
where we took for commodity. Equation 4 looks like the Schrödinger equation for the hydrogen atom. Therefore, the eigenfunctions of this equation must satisfy the boundary conditions:
and (6) To solve Equation 4 using the asymptotic iteration method as proposed in Ciftci et al. (2003) , we propose the following ansatz for the wave function which undergoes the limits conditions (Equation 6):
where f(x) is an asymptotic iteration function to be determined. 
with (9) and (10) The differential Equation 8 has a general solution given in Ciftci et al. (2003) of the form:
where the values are obtained from:
for sufficiently large n > 0 and for,
,n=1,2,3,…
Equation 12 In general form, we have:
After substituting γ and λ by their values given in Equation 5, we obtain:
and finally we get the exact eigenvalues of Equation 4,
For V3 = 0, the relation (Equation 17) coincides with the exact eigenvalues formula as obtained in the quantum mechanics book of Bagrov and Gitman (1990) .
To study the classical small vibrations about the equilibrium position , we introduce the frequency:
The energy dissociation parameter in Morse potential can be expressed in units as: (22) where C is the normalization constant.
DISCUSSION
Morse potential has shown a great ability in the description of diatomic interactions and proven successful in molecular physics and laser physics. A review of Morse potential problems may be found in Ikhdair (2009) work. In this note, we have reanalyzed the energy levels and the corresponding vibrational states of diatomic molecule Li 2 via a q-deformed Morse potential. For this, we have solved the radial Schrödinger equation by making use of the asymptotic iteration method. In Table 1 , we show the vibrational spectra of 7 Li 2 obtained in the frame by different authors and compared them to this present work. We see clearly that the calculation performed in Ley-Koo et al. (1995) is surprisingly inaccurate. As to the recently computed eigenenergies in Barakat et al. (2006) via AIM method up to 14 digits, they are far from being as accurate as Taseli (1998) spectra. Besides, the authors of Barakat et al. (2006) based their work on a comparative study to Ley-Koo et al. (1995) which is inconsistent since it used a too large spherical box as explained in Taseli (1998). On the other hand, our AIM calculations are extremely precise and present the energy levels up to 28 decimals with a full agreement with Taseli (1998). One may consider such accuracy as being extreme in nowadays molecular spectroscopy, but it is an important criterion to discriminate between the approximations methods used in the literature.
Finally, we would like to notice that, although, the AIM and the confined spherical box methods are equally highly accurate, the latter technique requires a lot of computational time, and may even fail for levels close to dissociation as the spherical box is increased in size to accommodate more energetic vibrations. In fact, unlike the AIM, it would seem that a method using such a confined spherical box is bound to become inapplicable in the vicinity of the dissociation limit.
